1997). Because of this, the last few years have seen a great number of primary studies on technology and autism as well as reviews and meta-analyses on the topic.
Literature has evidenced the role of technology in scaffolding a number of skills in children with autism: social skills (e.g. Bellini et al., 2007b; DiGennaro Reed et al., 2011) , communication skills (e.g. Ploog et al., 2013; Shane et al., 2012) , academic skills (e.g. Knight et al., 2013; Pennington, 2010) or a combination of skills (e.g. Diehl et al., 2012; Light and McNaughton, 2012) . However, evidence is inconclusive regarding the impact of technology on individuals with autism and ID (Perez-Fuster, 2017 ), while research is also scant on school-based interventions combining technology and music.
The concept of engagement is both under-researched and under-theorised (Lawlor, 2009 ). More precisely, although literature clearly states that engagement plays a crucial role in the learning process, especially for pupils with ID (Carpenter et al., 2015) and autism (National Research Council, 2001) , the concept presents some difficulties in its definition and measurement (Simpson et al., 2013) . In studies involving individuals with ID, engagement is often defined (e.g. by Carpenter et al., 2015) as the connection with the environment (other people, materials etc), whereas in studies with participants with autism, engagement tends to be synonymous with social engagement (Bellini et al., 2007; Wimpory et al., 2007) . Relevant research has reported that children with autism are less engaged with both social and non-social activities when compared with their TD peers (McWilliam and Bailey, 1995) or peers with other developmental disabilities (DD) (Ruble and Robson, 2007) . However, it has also been shown that music has the potential to facilitate engagement in the former population (Simpson et al., 2013) especially when combined with structured, preferred activities and opportunities for positive social interaction (McConnell, 2002) .
Difficulties in social communication are common in people with autism, regardless of their language abilities (Kasari, 2002) . Many studies comparing children with autism and TD children or children with DD show differences in their social communication skills (Murdock et al., 2007; Wetherby et al., 2007) . Regardless of the existence of additional ID, children with autism tend to experience significant difficulties in initiating communication; when they do so, they communicate primarily for behaviour regulation purposes (e.g. request an object, reject/protest an activity) (Chiang, 2009; Chiang and Lin, 2008; Drain and Engelhardt, 2013; Potter and Whittaker, 2001 ). These difficulties can be exacerbated by additional ID, with their attendant poor attention and memory skills, perceptual difficulties, inflexibility of thinking, behaviour, and/or sensory processing difficulties (Jordan, 2001) .
The current study
This study is of substantial value for a number of reasons. Firstly, it contributes to existing knowledge through focusing on a largely under-researched population, namely that of individuals with autism and severe intellectual disabilities (SID) (Kasari and Smith, 2013; Pellicano et al., 2014) . Secondly, this is one of the few studies involving teaching staff in the research process from the outset (Kossyvaki et al., 2016) , giving them an active role in developing and implementing an intervention to be embedded in the school curriculum. Thirdly, the study intends to address a gap in the music education literature where there is a near-absence of any discussion of the social and relational aspects of the music-making of young children with autism and SID (Curran, 2016) , especially in the form of advice for teachers in school (Ockleford, 2008) .
Methodology
A case study approach was followed. Case study is 'an in-depth exploration from multiple perspectives of the complexity and uniqueness of a particular […] programme or system in a ''real life'' context' (Simons, 2009: 21) . The main research aims were to measure the impact of a technology-mediated music-making intervention on the engagement levels and the social communication skills of children with autism and ID at school, and to obtain staff views on the applicability and effectiveness of the system for the specific population. Specifically, the study aimed to answer the following research questions:
1. To what extent does the use of a technology-mediated music-making intervention influence the engagement levels of children with autism and ID?
2. To what extent does the use of a technology-mediated music-making intervention influence the social communication skills of children with autism and ID?
Setting and participants
The study was conducted in a primary special school and, more precisely, with a Year 1/2 class (5-7 years old) following an adapted version of the National Curriculum for England designed to meet the needs of learners with ID. The class was selected by the school's senior leadership team (SLT), who expressed an interest in developing research-informed interventions and resources for classes following this adapted curriculum, as other interventions (e.g. phonics, lunch time clubs) were inappropriate because of the pupils' ID.
Five children with autism and ID and five classroom staff members, comprising one Newly Qualified Teacher (NQT) and four Teaching Assistants (TAs) agreed to participate in the study. Parents gave consent on behalf of their children. Table 1 shows details of the children. Table 1 here)
(Insert
The NQT completed the Childhood Autism Rating Scale (CARS) (Schopler et al., 1988) , a behaviour observation scale used to assess the severity of autism symptoms, for all participating children, as she had been teaching the specific cohort for 5 months prior to the start of the study and was deemed to have a good knowledge of their characteristics. CARS scores ranged from 36 to 51, classifying four children as severely autistic and one as moderately autistic. The teacher also provided the researchers with the pupils' P-levels. These use eight level descriptors for attainment targets in all subjects in schools in England, which apply to pupils aged 5 to 16 years old with special educational needs (SEN) who cannot access the National Curriculum (Department for Education-DfE, 2014). The average P levels for English, Maths, Science and Personal, Social and Health Education (PHSE) were calculated and the results ranged from P3ii to P4 classifying 4 children as having SID (<P4) and one (P3ii) as having profound intellectual disabilities (PID). To confirm the ID of the participating children, the first author administered and scored the Symbolic Play Test-SPT (Lowe and Costello, 1988) . SPT assesses the children's early concept formation and symbolization, and gives an age equivalent. The SPT scores for participating children ranged from 0 to 12, giving an age equivalent range of between below 12 and 21.9 months. Information on children's social communication and affinity for technology and music was extracted from their 'Passports for Learning and Life' (school documents completed by classroom staff which identify each child's strengths and needs around the areas of social interaction, independence, engagement; they also list the child's preferences and activities which may increase their anxiety levels.
The intervention
The System: Cosmo Units Cosmo hardware consists of a set of 6 switches which provide auditory (i.e. sounds and music) and visual cues (i.e. multi-coloured lights). They also have a dynamic weight sensor and connect wirelessly to computers. The switches connect to the software platform enabling the selection of a specific activity. The software allows for full customisation of the hardware (i.e. number of units, light colour and switch sensitivity) and of the activities (i.e. musical genre, length and volume of samples, difficulty level, songs). The music samples themselves can be customised to specific musical styles and/or instruments, and may be mono-or polyphonic. This means that single tones, notes, instruments or any combination of these can be incorporated into an activity.
Cosmo units were selected on the basis that they combine music and technology and can be used in very simple ways. Additionally, they do not involve any verbal instructions, which could be off-putting for young children with autism and ID. To run the sessions, the researcher made the Cosmo units visible and accessible to the children (within an arm's length distance) while controlling the software (e.g. changing activities) from a laptop placed in a plastic box at the corner of the room.
She also used a speaker placed next to the box to increase the sound levels. See Figure   1 for an example of the room arrangement.
(Insert Figure 1 here)

Piloting
After a pilot trial at the school having followed a Participatory Action Research (PAR) approach (Nind, 2014) , it was decided that five activities focusing on engagement and social communication would be tested. The trial was conducted with a classroom following an adapted curriculum (Year 4/5: 8-9 years old). The pilot class was selected on the basis that it was the school's curriculum lead teacher's class and it was believed that she would be the most appropriate person in school to provide feedback on the activities most likely to be beneficial for children with autism and ID within the school. The whole process lasted for 2 months as this was felt to be sufficient time for both the curriculum lead and the researcher (first author) to complete the activities to be included in the main study.
The Activities
The activities to be included in the main study were chosen because of their focus on engagement and social communication (as opposed to activities focusing on academic or fine/gross motor and independence skills which were also tested during the pilot phase). They are as follows:
-Improvisation: Each Cosmo unit was assigned one note; the child played along with a backing track as s/he wished to, touching each unit to make sounds.
-Exploration: The units, programmed to be touch-sensitive, enabled the music's volume or sound-effects to be altered according to the amount of pressure applied by each child.
-Follow the light: One unit was lit, inviting the child to make a sound; after s/he did this, another unit lit up, providing another invitation for the child to play.
-Orchestration: Each unit was programmed to play a single instrument (e.g. guitar or drums) and the child was encouraged to build up layers of sound.
-Turn-taking: The units were divided equally between the child and the researcher.
When the researcher's units lit up, she made sounds with them. After a short time, these lights went out, while the child's units lit up, signaling their turn.
The Delivery of the Intervention
The children participated in two 12-minute sessions with Cosmo units each week over a period of 5 weeks. The length of the sessions was decided on two bases: firstly, the average length similar activities take at school where children remain focused, and secondly, the researchers' wish to have 10 minutes of video recordings to code per session, similarly to similar studies (e.g. Kossyvaki et al., 2012) . The sessions ran on consecutive mid-week days in a small room (2m x 3m) located within the classroom.
During each session, the TA or the NQT working with each child (always the same person for the duration of the study) was present in the room in order to help the researcher to interpret the child's communication signals correctly, and make suggestions concerning the customisation of the system (e.g. lower the sound volume, suggest a child's favourite music) and the way it is used by the researcher. Due to pupil or staff absence, and glitches in the system, no child took part in all ten of the planned sessions. All, however, took part in at least eight. See Table 2 for a list of the sessions each child participated and the ones that were coded. Table 2 here)
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Most of the aforementioned activities were covered in each session but the order in which they were presented varied, according to the child's preferences and the flow of the session (the school staff were consulted where necessary during the session, and would often share their views with the researcher during these). The theoretical background of the intervention used to facilitate the Cosmo activities draws principles from three interventions used in the field of autism and ID, namely Intensive Interaction (Nind and Hewett, 2001) , Musical Interaction (Methley and Wimpory, 2010) and Responsive Imitation Training -RIT (Ingersoll, 2010) . Following the intensive interaction and musical interaction principles, the researcher was observant, 'tuned in' and responsive while allowing pauses. She let the child lead by imitating their sounds as well as their movements and physical actions, used short running commentaries and simple repetitive routines which built up anticipation. The researcher's way of working not only reflected the principles of Intensive Interaction, but also Small's musicking framework (1998) in that she was beginning to build a musical and personal relationship between the child and herself. In addition, following the RIT model, the researcher also often modeled actions with the Cosmo units, showing the child what was expected from them in each activity. To ensure consistency, the intervention was delivered in full by the second author, a doctoral researcher at the time with twenty years' music teaching experience. Before delivering the intervention with the Cosmo units, the latter familiarised herself with the use of Intensive and Musical Interaction as well as RIT. This happened first through study and then through discussion with the first author who is trained in these interventions.
The Data Collection Process
Video recordings and group interviews were employed to collect data for this study.
Teaching staff video-recorded each session, using a hand-held camera. This was the most appropriate way to proceed in this context, as the staff were in the room with the children whom they knew and who knew them, and because the room's size and the children's unpredictable movements made the use of a tripod impossible. Staff were asked to avoid interacting with the children while video recording was taking place. In addition, five group interviews lasting approximately 10 minutes each were conducted with the four TAs and the NQT once per week; this was either prior to the start or immediately after the end of the school day. The length of the interviews was imposed by the availability, within the school day, of the 5 interviewees.
Ethics
Ethical approval for the study was given by the University of Birmingham's Ethical Review Committee (Application for Ethical Review: ERN_15-0559A). Principal ethical concerns included obtaining participants' informed consent and ensuring confidentiality for research participants' identities. Written consent was obtained from all teaching staff and from children's parents. The children's young age and ID made it impossible for them to provide assent. To ensure confidentiality, pseudonyms respecting their ethnic backgrounds are used for children, and roles rather than names of staff (e.g., TA or NQT).
Results
Data Coding and Analysis
Since the minimum number of sessions per child for the 5-week intervention period was 8, the first 8 sessions per child were coded.
VIDEO CODING
Partial interval sampling (Wilkinson, 2000) was used to code children's video recordings, with each 10-minute session being split into twenty 30-second intervals. If one of the coded behaviours (see Table 3 for a full list and Appendix 1 for a glossary of definitions) was exhibited at any point during the interval, an occurrence was recorded. Engagement/disengagement were both coded in a thirty-second interval if occurrences of each lasted for longer than 5 seconds. Otherwise, if a specific behaviour appeared more than once during each 30-second interval, only one occurrence was coded. Although such a decision can be argued against, it was made to facilitate the video coding, given time and resource limitations. The coding system used has been taken into account when discussing the study's findings and limitations.
Within A blank copy of this checklist can be found in Table 3 and a glossary of definitions in Appendix 1. Table 3 Checklist' by the two authors before conducting the coding checks until a high percentage of agreement was reached (i.e. 80% as recommended by Reichow et al., 2008) . The mean agreement between the two coders was 80% (range from 65% to 99%), calculated by dividing the number of agreements for each code by the number of agreements and disagreements multiplied by 100 (Watkins and Pacheco, 2000) .
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GROUP INTERVIEWS
Group interviews were conducted in order to enhance the validity of video data and to provide specific examples of the impact of Cosmo units on children's engagement and social communication skills (Thomas, 2015; Gray, 2018) . The questions followed a framework referencing the Engagement Profile and Scale indicators of engagement: awareness, curiosity, investigation, discovery, anticipation, persistence and initiation (Carpenter et al., 2015) . The 24 pages of transcripts of the group interviews were thematically analysed using NVivo 11 (Edhlund and McDougall, 2017) by two researchers independently (the second author and the researcher who checked the inter-coder reliability for the videos). Codes were both a priori and data-driven: the researchers drew upon the seven indicators of engagement from Carpenter's (2015) scale, and further codes referring to relationship (reflecting Small's (1998) musicking framework) and the child's or staff's reception of and reaction to the Cosmo units.
The first author of the paper synthesised the two analyses. No inter-coder check was conducted for the group interview data. This accords with Krippendorff (2004) , who recommends inter-coder checks only when preconceived coding schemes are used.
This was not the case for the group interview schedules; a grounded approach was used, giving the interviewees the chance to talk about aspects of the study they consider important, and the researchers the freedom to come up with data-driven results.
Results based on the video data
Video data for engagement levels and social communication skills are presented first, Table 4 shows the total number of initiations for each child throughout the 8 sessions.
Zaineb was the child who initiated the most followed by Sahil and Andy who also initiated an equivalent number of times. Both Rehan and Saadi initiated communication considerably fewer times. Table 4 here)
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Results based on the group interview data
This section presents the main themes from the group interviews and is structured in two sections: i) the Engagement Profile and Scale (Carpenter et al., 2015) areas and ii) data driven themes.
THE ENGAGEMENT PROFILE AND SCALE AREAS
Awareness
The school staff felt that it took children some time to reach an understanding of how His TA mentioned that with the time he was getting better at using the Cosmo units as 'it's just like his workbox, the expectation he knows'.
Curiosity
According to staff, children showed some curiosity from Week 2 onwards.
Specifically, Zaineb, Rehan and Sahil were curious to find out what was in the box.
Initiation
Zaineb was identified as the child with most initiations during the sessions with the Cosmo units confirming the video data. Staff claimed that following the intervention Saadi began to transfer some skills to other contexts. In Week 5 the NQT reported that he 'will now come and ask for help when he wants help', a point which was confirmed by another two TAs too.
Investigation, discovery and persistence
The above three areas were coded infrequently by both researchers.
DATA DRIVEN THEMES
The need for customisation The staff asked for certain elements of the system to be altered to fit the children's preferences and needs. For example, a removable silicone ring on each unit was removed after the first session as the children became preoccupied with it, preventing their engagement with the activities or the researcher. Personal music preferences were also added to the system to motivate certain children. For example, Rehan was only interested in engagement with the units and the researcher when Bhangra music was playing and the sound was loud. His TA mentioned in Week 4:
'when you put the Bollywood music on […] he is really into it pressing all the buttons […] But when it is the other music, all he does is stack the two of them (i.e. units) together'.
The combination of music and technology
The staff mentioned that the technology element of the Cosmo units could compensate for children for whom music was not a great motivator. For example, Andy's TA said that '[he] doesn't really like music but anything flashy attracts his eye' referring to the lights of the units. It is interesting to note here that the intervention seemed to have worked with Sahil as well who according to his 'Passports for Learning and Life' had no affinity for either music or technology.
The impact of technology glitches
As expected in all projects involving technology interventions, there were some glitches with the units, which at the time of the study were still relatively newlydeveloped. The staff mentioned that Andy 'gets a bit frustrated when [the Cosmo units] are not working and he chucks them away'. Her TA mentioned about Zaineb that 'as soon as she realised that the buttons were not working properly, she lost interest'. However, there were some positive side effects, when the units were not working properly. At Week 5, the NQT said 'I think they are a bit more accepting of when things aren't working' relating this to the technology glitches experienced during the sessions with the Cosmo units. Her viewpoint was confirmed by some of her colleagues.
Discussion
technology-mediated music-making interventions to promote engagement levels and social communication skills for children with autism and ID. It reported some positive outcomes for all children in the sample, suggesting that the intervention can be an effective tool for all teaching staff working with such populations. This section will discuss the findings with a particular focus on engagement levels and social communication skills.
The video data showed high percentages of both engagement and disengagement for the 5 children during the 8 sessions with the Cosmo units. Zaineb, who preintervention was reported to have affinity for technology but not for music, appeared the most engaged. There were, however, considerable within-child variations in the engagement levels from one session to the next (e.g. Rehan). Within the group interviews, all teaching staff reported an increase in children's engagement levels as they became more familiar with the researcher and the activities, confirming, to a certain extent, the video data and adding social validity (Reichow et al., 2008) to the intervention.
The above findings echo some previous studies in the field. Although Wimpory et al. (2007) reported that children with autism are more likely to show social engagement when adults provide a musical input, Simpson et al. (2013) found considerable variability in levels of engagement between children with autism when they were exposed to singing. To interpret similar findings, one should bear in mind that individuals with autism might experience engagement in non-observable ways (Bagatell, 2012) . To this end, it has to be mentioned here that although certain aspects of engagement such as awareness, anticipation, curiosity and initiation (initiation was measured as part of social communication in this study) were reported to have increased in the sample of the current study, during the group interviews, other areas of engagement were not reported to change (i.e. investigation, discovery and persistence). More research is therefore needed to operationalise engagement among individuals with autism. Engagement has been broadly explored among individuals with SID/PID (Carpenter et al., 2015) but less so when there is an additional diagnosis of autism (Carpenter et al., 2016) . It has to be mentioned here that the authors ascribe to Carpenter et al.'s (2015) definition of engagement which not only precedes social communication but is also a precondition for it to take place.
Behaviours belonging to the three broad categories of social communication, namely behaviour regulation, joint attention and social interaction (Bruner, 1981) were measured for this study. Specific subcategories of social communication were measured following an adaptation of measures having been used in previous studies with similar participants (Kossyvaki et al., 2012) : request and reject from behaviour regulation, comment from joint attention, and turn-taking from social interaction. In terms of behaviour regulation, all 5 children showed both behaviours. Some children tended to request more (i.e. Zaineb, Sahil and Saadi) while others showed more protests (i.e. Andy). This is in accordance with previous studies having reported that request is often the most commonly used communicative function among individuals with autism (Chiang, 2009; Chiang and Lin, 2008; Drain and Engelhardt, 2013) or that requesting and rejecting are equally frequent (Potter and Whittaker, 2001 ).
Regarding joint attention, the function of comment was measured. All children commented a few times throughout the study, but Zaineb was the only child who commented a significant number of times (56 times in 80 minutes). This is uncommon, as the function of comment has been reported in previous studies (Stone and Caro-Martinez, 1990 ) to account for a small percentage of spontaneous social communication in children with autism (i.e. 15%). In terms of social interaction, only the function of turn-taking was measured in this study; it was not coded frequently (10 times over the total number of sessions). This finding echoes that of previous studies which reported that children with autism need extra support to acquire turn-taking skills (Porayska-Pomsta et al., 2013) .
One point, which needs to be noted here in the light of previous studies, is the frequency with which children with autism and SID/PID initiate social communication when engaged in a technology-mediated music-making intervention.
The current study shows a range of mean initiations per minute per child from 0.66 to James et al., 2015) . However, most of these explored the use of music therapy (MT) with people with autism (Gattino et al. 2011; Kim et al., 2008; McFerran et al., 2016) ; and given MT's limited application (i.e., specific qualifications are required in order to practise MT and school budgets are currently restricted), more research needs to be conducted on the broader use of music at school and its impact on pupils' social communication.
The active involvement of teaching staff in the running of the study reflects de Bruin's (2015) model of inclusive research in which the external researcher assumes the role of participant co-researcher. More precisely, in the current study a bottom-up approach was followed with teaching staff of all levels from SLT to TAs having participated in different stages of the research (e.g. selection of the class to work with, piloting the activities and adapting them to the children's needs and preferences).
Literature increasingly recognises the need for researchers and schools to forge effective and collaborative partnerships for the benefit of both (Parsons et al., 2013) .
By working together, school staff can often show researchers ways of finding solutions to everyday problems (increasing the ecological validity of the research) while recognising the constraints of doing research in 'real world' environments. On the other hand, researchers can support school staff in conducting methodically robust and ethically sound research. Such collaborations considerably enhance opportunities for knowledge co-production in research, especially with individuals who have been traditionally ignored or silenced (e.g. TAs, NQTs).
Study limitations
Due to the small sample size and the absence of a control group, the findings of this study cannot be generalised beyond the specific sample. However, generalisation is not always the optimal goal in any inquiry process, as getting the richness of a given picture can be a valid and equally scientific research process (Thomas, 2015) . It should also be noted that changes in the children's behaviour might have occurred due to other factors external to the intervention (e.g. the development of relationship between researcher and the children) which cannot be ruled out in case studies.
Finally, and importantly, the interval sampling coding might mean that the results are somewhat conservative. Some behaviours might have appeared more than once per 30 second interval but they were only coded once suggesting that the impact of the Cosmo unit activities might have been even greater if an event sampling coding system was used. The length and intensity of the intervention (5 weeks) can be another reason to account for the lack of more significant findings as there is scarce evidence on the effect of brief and time-limited interventions on children with autism (Vismara et al., 2009) which is expected to be even weaker when autism co-exist with ID.
Conclusion
This study is the first to explore the impact of a technology-mediated music-making intervention on the engagement levels and social communication skills of children with autism and ID at school. It reported positive outcomes, particularly as far as social communication skills are concerned. Teaching staff were involved in the research from the outset responding to the current need for 'a new generation of research that is practitioner-led, inquiry-focused and evidence-based' (Carpenter et al. 2015: 15) . Additionally, the current study is one of very few in the field catering for 'pedagogical reconciliations' (Carpenter et al., 2015) : when two conditions (e.g. autism and ID) co-exist and effective teaching approaches for each condition fit, and are used together. One way of extending this study would be to further enable teaching staff 'to be active agents in research ' (Guldberg et al. 2017: 410) by training them in similar interventions with a request to then put them into practice with minimal/no support from researchers. Exploring the impact of technology-mediated music making when this is facilitated by parents at home would be another interesting area of further research.
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